Background. Acupuncture has been found to be effective for treating chronic constipation. Objective. The objective of this exploratory study was to evaluate the efficacy of electroacupuncture (EA) in the subgroup of women with chronic severe functional constipation. Methods. This is a subgroup analysis of the multicenter, randomized, sham-acupuncture (SA) controlled trial. The efficacy of 822 (76%) female patients of the 1075 randomized patients with chronic severe functional constipation was evaluated. Patients were randomly assigned to receive 28 sessions of EA or SA over 8 weeks with 12 weeks' follow-up. This study focused on sustained complete spontaneous bowel movements (CSBMs) responders over the 8-week treatment. Results. The primary outcome which was percentage of the sustained CSBMs responders for the subset of women with severe constipation was significantly higher in the EA group (24.3%) than in the SA group (8.1%) with difference of 13.1% (95%CI, 6.5% to 19.7%; P<0.001). As for the secondary outcomes, responders for ≥9 of 12 weeks of follow-up were higher in the EA group than in the SA group. Additionally, EA had significantly better improvement in mean weekly CSBMs, mean weekly spontaneous bowel movements (SBMs), and mean score changes of stool consistency and straining as well as quality of life of patients. The incidence of adverse events (AEs) related to acupuncture was rare and no statistical significance was found between two groups. Conclusion. EA improved the spontaneity and the completeness of the bowel movement of women with severe functional constipation during 8-week treatment and the effect sustained for 12 weeks after stopping treatment.
Introduction
Chronic constipation is a common gastrointestinal disorder manifested with infrequent bowel movements, excessive straining, hard stools, and/or incomplete evacuation feelings [1] . The global prevalence of chronic idiopathic constipation was approximately 14% [2] . Various studies found that the prevalence of constipation in women is more than twice that of men of the same age [3, 4] . Women with constipation usually also have lower urinary tract symptoms of overactive bladder and urinary incontinence [5] . Women are more likely than men to have a poor quality of life [6] and seek medical help [1] . The mean annual total cost for healthcare was reported to be $7,522 for each patient with chronic constipation and women are more likely to use nonprescription and alternative medicine treatments [7] . Potential causes for this gender difference remain unknown; they may include physiological hormonal differences [8] . Hence, the purpose of this study was to explore efficacy of electroacupuncture (EA) on women with severe constipation.
Conventional treatments of chronic constipation include stimulant and osmotic medications, yet, due to concerns for efficacy and safety, nearly 50% of patients with chronic constipation were not satisfied with these pharmacological treatments [9] . Emerging evidence suggests that acupuncture may increase weekly spontaneous bowel movements (CSBMs), decrease constipation symptoms, and improve quality of life in patients with chronic constipation [10] . However, studies assessing whether female patients can benefit from acupuncture remain scarce [11] .
The primary findings of the original multicenter randomized controlled trial on acupuncture for chronic severe functional constipation demonstrated that electroacupuncture increased mean weekly CSBMs during weeks 1 to 8 [12] . This study focused on the efficacy of acupuncture on subgroup of women with chronic severe functional constipation.
In order to extend the findings of the previous trial, a subgroup analysis of data was performed to specifically evaluate the efficacy and safety of electroacupuncture (EA) in women with chronic severe functional constipation.
Materials and Methods

Overview of the Original Trial.
The acupuncture constipation study [12] was a multicenter, randomized, shamacupuncture (SA) controlled study which was conducted at 15 hospitals in China. A total of 1075 patients with chronic severe functional constipation were recruited between 8 October 2012 and 4 May 2014 and were randomly assigned to EA and SA group. The study included 536 patients (415 female, 77.4%) in the EA group and 539 patients (407 female, 75.5%) in the SA group and 54 patients dropped out during study. After 2-week screening period, 8 weeks with 28 sessions of EA at traditional acupoints (bilateral ST25, SP14, and ST37) or SA at nonacupoints were performed. Participants were followed up for 12 weeks. Diagnosis was based on Rome III criteria for chronic functional constipation and severe constipation was defined as two or fewer CSBMs per week with hard stools, frequent straining, and the sensation of incomplete evacuation [14] . A CSBM was defined as a bowel movement with a sensation of complete evacuation that occurred without use of any medication or other methods to assist defecation in the previous 24 hours. This article presented the results of a secondary analysis that was not prespecified in the study protocol. The rationale, design, and methods of the acupuncture constipation study were presented in detail elsewhere [15] .
The study protocol was performed in accordance with Declaration of Helsinki and approved by the ethics committees of each responsible site. The study protocol complied with Standards for Reporting Interventions in Clinical Trials of Acupuncture guidelines. The trial was registered at ClinicalTrials.gov (identifier NCT01726504).
Study Design.
In this study, efficacy of EA on only female patients (76%) with chronic severe functional constipation was assessed. The European Medicines Agency (EMA) guideline [13] indicates that CSBMs for primary outcome should incorporate spontaneity, completeness of the bowel movement, and a responder analysis. Spontaneous bowel movements (SBMs) were defined as evacuation without manual methods or medication and complete spontaneous bowel movement (CSBM) was defined as SBM without sense of incomplete evacuation. According to this guideline, weekly responders were defined as patients achieving at least 3 CSBMs/week and, at the same time, an increase of at least 1 CSBM/week compared to baseline. Meanwhile, assessment of the primary outcome should be based on participants meeting the responder criteria for at least 75% of the duration of the treatment period (overall responders). In this analysis, "overall responders" were defined as responders for at least 6 of the 8 treatment weeks and "sustained responders" were defined as overall responders who also met the responder criteria for at least 3 of the last 4 treatment weeks. Participants were required to keep a stool diary every day for 22 weeks, from 2 weeks before randomization to the end of week 20 after randomization. The primary outcome of this subgroup analysis was the proportion of sustained responders during the 8-week treatment period. The secondary outcomes included the proportion of overall responders over weeks 1 to 8; the proportion of participants who met the responder criteria for at least 9 weeks of the 12 follow-up weeks; the proportion of weekly responders from weeks 1 to 20; change of weekly mean CSBMs from baseline during weeks 1-8 and 9-20; change of mean weekly SBMs during weeks 1-8; change from baseline of Bristol Stool Form Scale (BSFS) score and mean straining score based on SBMs during weeks 1-8; change from baseline of Patient Assessment of Constipation Quality of Life Questionnaire (PAC-QOL) score at weeks 4 and 8; the proportion of patients using other treatments and the mean weekly frequency of other treatments used during weeks 1-8 and 9-20.
Statistical Methods.
The primary outcome was analyzed by fitting a generalized linear model for a binomial distribution, adjusted for baseline value and sites. The same approach was used for overall responders, participants who met the responder criteria for ≥ 9 of the 12 weeks of the followup period, and patients using other measures. The changes from baseline in mean CSBMs per week, mean SBMs per week, mean stool consistency, and mean straining scores and PAC-QOL score were assessed using a general linear model. Wilcoxon rank-sum test was used to compare the frequency of other treatments used per week. The proportions of weekly responders from weeks 1 to 20 were plotted and compared with a generalized linear model between groups.
Analyses were based on the intention-to-treat principle, with all randomly assigned participants included. Patients were considered nonresponders if they withdrew from study without providing data for CSBMs during the intervention or follow-up period. Descriptive statistics were used for demographics, baseline characteristics, and safety variables. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc.) with a 2-sided P value of less than .05 considered significant.
Results
Participant Characteristics.
Details of participant flow through the acupuncture constipation study have been described elsewhere [12] . There were 822 female patients in this analysis, 415 in the EA group, and 407 in the Coexisting illness with different types occurring in a single participant were defined as independent coexisting illness. * Mean stool consistency and straining were evaluated based on the stools from spontaneous bowel movements. We could not obtain data from participants who had no SBMs during the baseline period. These two outcomes were both missing on 37 participants in the EA group and 35 in the SA group at baseline. Therefore, data for these two outcomes were from 378 participants in the EA group and 372 in the SA group. † The weekly frequency of other treatments was assessed in the patients who used other treatments for constipation.
sham-acupuncture (SA) group. At week 8, there were 47.39% (191/403) of female patients in the EA group and 79% (301/381) in the SA group which were treated as nonresponders with 12 and 26 lost to follow-up respectively. 780 (94.9%) completed the follow-up assessment. Baseline characteristics of patients were presented in Table 1 .
Outcomes.
For the primary outcome, the proportion of sustained responders were statistically significantly higher in the EA group (24.3%) than the SA group (8.1%) with a difference of 13.1% (95%CI, 6.5% to 19.7%; P<0.001) ( Table 2) . For secondary outcomes, the percentage of overall responders was 24.8% in the EA group and 8.6% in the SA group with a difference of 12.5% (95%CI, 7.3% to 17.6%; P<0.001) ( Table 2 ). The percentage of participants who met the responder criteria for more than 9 out of 12 weeks during the follow-up period in the EA group (38%) was substantially higher than that in the SA group (11.3%) with a difference of 23.9% (95%CI, 18.0% to 29.8%; P<0.001). The percentage of weekly responders was shown in Figure 1 . There was no difference between the two groups at the end of week 1, but since week 2, the percentage of responders in the EA group had been consistently around twice higher than that in the SA group (P<0.001, for all) (Supplementary Table 1) . At week 8, the percentage of responders in the EA group reached the highest which was 51.1% compared to 19.7% in the SA group. The increases in the mean CSBMs per week from baseline to weeks 1-8 and weeks 9-20 were significantly higher in the EA group than the SA group with between-group differences of 0.9 (95%CI, 0.5 to 1.3; P<0.001) and 1.1 (95%CI, 0.7 to 1.5; P <0.001) during the treatment and follow-up periods, respectively. The EA group also showed significantly greater increases in mean weekly SBMs than the SA group during weeks 1-8 with a between-group difference of 1.0 (95%CI, 0.8 to 1.2; P<0.001). Mean score change of stool consistency and straining from baseline were statistically better in the EA group than the SA group during weeks 1-8 (P <0.001 for both) with between-group differences of 0.2 (95%CI, 0.1 to 0.3; P<0.001) and -0.2 (95%CI, -0.3 to -0.2; P<0.001), respectively.
The improvements of PAC-QOL overall score were significantly greater in the EA group than the SA group with between-group differences of -0.2 (95%CI, -0.2 to -0.1; participants in the EA group and 26 in the SA group were treated as non-responders. ‡ Responders were defined as patients achieving at least 3 CSBMs/week and, at the same time, an increase of at least 1 CSBM/week compared to baseline according to the guideline of European Medicines Agency [13] , 12 participants in the EA group and 26 in the SA group were treated as non-responders. § 15 participants in the EA group and 27 in the SA group were treated as non-responders. ‖ Stool consistency and straining were evaluated based on the stools from spontaneous bowel movements. We could not obtain data from participants who had no SBMs during the baseline and/or the treatment period. These two outcomes were both missing on 37 participants in the EA group and 35 in the SA group at baseline. Therefore, data for these two outcomes were from 378 participants in the EA group and 372 in the SA group. ¶The weekly frequency of other treatments used was assessed in the patients who used other treatments for constipation. Responders were defined as patients achieving at least 3 complete spontaneous bowel movements (CSBMs)/week and, at the same time, an increase of at least 1 CSBM/week compared to the baseline according to the guideline of European Medicines Agency [13] . 12 participants in the EA group and 26 in the SA group were treated as nonresponders. The differences in weekly responders between two groups were significant from week 2 till the end of the follow-up periods (P<0.01 for all) (Supplementary Table 1 ).
Weekly responders rate (%)
P<0.001) and -0.3 (95%CI, -0.4 to -0.2; P<0.001) at week 4 and week 8, respectively. No differences were found between groups in the proportion or frequency of patients using other treatments during weeks 1-8 or weeks 9-20 (P > 0.05 for all).
Adverse Events.
Throughout the trial, 16 participants (3.9%) in the EA group and 11 participants (2.7%) in the SA group had adverse events (AEs) related to acupuncture with local hematoma as the most common in both groups (Table 3) . No difference was found between groups in the proportions of participants with acupuncture-related AEs (p > 0.05). AEs unrelated to treatment were rare (Supplementary Table 2 ).
Discussion
This study demonstrated that 8 weeks' EA treatment has many positive effects for relieving symptoms in women with chronic severe functional constipation as evidenced by a higher proportion of sustained responders (24.3% in the EA group versus 8.1% in the SA group) in regaining CSBMs. Moreover, the proportion of weekly responders for more than 9 weeks of 12 weeks' follow-up period was 38.1% in the EA group and 11.3% in the SA group with the difference of 23.9% between two groups. EA may thus be an effective alternative for the management of chronic constipation in women and the effectiveness could last for 12 weeks without treatment.
To the best of our knowledge, this is the first study assessing the effectiveness of acupuncture for women with chronic constipation. Responder analyses were frequently used in pharmaceutical trials for chronic constipation. In the study including 1346 patients (80.8% female patients), the percentages of sustained responders were 21% and 19.5% after 12 weeks of 3mg and 6mg plecanatide treatment as compared to 10.2% in the group treated with placebo [16] . In the study with 483 patients (91.5% female), 15.7% patients met the criteria as overall responders after 12-week oncedaily linaclotide 145 g [17] . Then, in a follow-up trial of 1223 patients (78.8% female patients), the percentages of overall and sustained responders were found to be 13.4% and 12.4% with 12-week once-daily linaclotide 72 g and 12.4% and 11.2% with 12-week once-daily linaclotide 145 g [18] . In this analysis, after 8 weeks' EA treatment, the percentage of overall responders was 24.8% and the percentage of sustained responders was 24.3%. These rates appear higher than the studies of plecanatide and linaclotide [16] [17] [18] , even though direct comparison between the present study and previous pharmaceutical trials is inappropriate.
An integrated analysis of 4 double-blind, placebocontrolled, phase III studies of Asian and non-Asian women showed that after 2 mg prucalopride at week 12, the percentage of responders who have at least 3 CSBMs a week was approximately 25% to 34% [17] . Therapeutic gain over placebo in 3 of these 4 studies is clinically relevant [17] . In our study, the responders at week 8 were 52.6% and 21.0% in the EA group and SA group.
Additionally, in this analysis, EA was also found effective in increasing weekly CSBMs and improving quality of life in female patients with chronic severe functional constipation. The change of mean weekly CSBMs from baseline in the EA group was 1.7 during weeks of 1-8 and 1.9 during weeks of 9-20 which was consistent with the results in the original trial (1.76 and 1.96). The consistency of results may show the stability of acupuncture effect. In previous pharmaceutical trials, the change from baseline in mean weekly CSBMs after 12-week treatment of prucalopride 2mg ranged from 1.6 to 2.6 [9, 14, 19, 20] . The benefits of prucalopride are limited by the lack of follow-up periods in all these previous trials [9, 14, 19, 20] , whereas results of this analysis indicate that EA effects could last for 12 weeks after 8 weeks of treatment. The change of overall PAC-QOL score in the present study was 0.9 and 0.6 in the EA and the SA groups, respectively. A multicenter, randomized, placebo-controlled trial [21] evaluated the efficacy of 2mg and 4 mg prucalopride on the quality of life of 713 (90.8% female) patients with severe chronic constipation who were dissatisfied with laxatives. The change of overall score of PAC-QOL at week 12 was 0.38, 0.65, and 0.66 in 2mg, 4mg, and placebo group, respectively. The analyses of other secondary outcomes including SBMs, stool consistency, and straining as well as side effects support the effectiveness and safety of EA in women with chronic constipation.
Acupuncture effects may result from both biological and psychological influences of acupuncture on the human body [22] . EA could have a multitude of physiological effects, but patient expectation also plays an important role in the effectiveness of acupuncture [23, 24] .
The decision for patients to accept and healthcare providers to recommend a treatment usually depends on not only the effectiveness of the treatment but also economic costs. Although the total cost for 28 sessions ($80 USD each session) of EA seems far more expensive than pharmaceutical interventions [25] , the long-lasting benefits as evidenced by the persistent improvements of constipation symptoms during the 12 weeks follow-up without treatment may indicate EA treatment is cost-effective. Nonetheless, cost effectiveness studies are warranted in future acupuncture trials to test this hypothesis. These understandings may shed light on the reasons why women are more likely to use nonprescription and alternative medicine treatments for constipation.
Limitations
This subgroup analysis has some limitations. First, only Chinese female patients were included in this secondary analysis which may limit the generalizability of the findings to other countries. Second, the subgroup analysis was not prespecified in the original trial.
Conclusions
8-week treatment of EA significantly improved the spontaneity and the completeness of the bowel movement in women with severe functional constipation and the effect could sustain for 12 weeks after stopping treatment. EA is safe and could be a promising alternative for the treatment of women with chronic severe functional constipation.
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